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CRITERIONS FOR THE EVALUATION OF THE EFFECTIVENES OF THE PRESSURE-
PULSATION-DAMPER 
Marian Luszczycki, Adjunct, Instytut Aparatury Przemyslowej i Energe-
tyki, Politechnika Krakowska, Krakow, Poland 
INrRODUCTION 
The effectiveness of damper depends essen-
tially on the place of its location and on 
characteristics of a pipe-line beyond the 
damper or, more precisely on the characte-
ristics /impedance/ of technological ele-
ments and fitting following the damper. A 
condition for the choice of a right damper 
to a given installation is consideration 
of influence of their parameters on the 
effectiveness of a damper. It is necessary 
also to consider the influence of a damper 
it self which has to be considered as the 
additional concentrated element build into 
the homogeneous section of a pipe-line on 
pressure pulsation before and beyont it. 
The first step on the way to complete so-
lution of the problem of correct choice of 
a damper to the installation of reciproca-
ting compressor is working out the way of 
evaluation of effectiveness of pressure-
pulsation-dampers. It should consider all 
factors having influence on the effective-
ness. 
REVIEW OF CRITERIONS FOR EVALUATION OF 
DAMPING 
For evaluation of the effect of reduction 
of pressure pulsation due to the installed 
damper, some criterions making it possible 
to express their action in numerical form 
are necessary. They should also be a gro-
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und for comparissons between different 
dampers applied in the installation and 
for proving which one would be the best 
in a given case. 
DCUJU?ing Rate 
The most often employed measure of the 
effect of reducing of pressure pulsation 
in a pipe-line is ~he damping rate Kt be-
ing the ratio of pressure fluctuation ra-
tes in a pipe-line before and beyond the 
damper. 
···················••~~~o•···/1/ 
For a damper with small hydraulic resis-
tance, the damping rate is simply the ra-
tio of absolute values of pressure pulsa-
tion /peak-to-peak/ before and beyond the 
damper /Fig. 1/. 
6Pa1 Rt = L'lpa2 • • •••••••• • ••••••••.••••• /2/ 
Fig. 1. Sketch illustrating the way of de-
termining the damping rate: C - compressor, 
T - damper 
The damping rate defined as above is app-
riopriate for applying in experimental 
investigation of different dampers in 
order to compare them i. e. the evalua-
tion of influence of different construc-
tion elements upon the degree of reducing 
the pressure pulsation [ 1] , l31 • It must 
be remembered that the damping rate chara-
cterises the effect of damping only in so-
me idealised conditions. It is assumed 
that in a pipe-line sections preceding 
and following the damper stretch solely 
running pressure waves having constant am-
plitude /Fig. 1/. Such case is very rare 
in p~actice. To include a damper into the 
pipe-line system means to load it with a 
device reflecting the pressure pulsation 
waves. Due to resonance, in any section of 
a pipe-line following the damper pressure 
pulsation may reach high values although 
they have been lowered by damper action to 
permitted level in preceding section. 
Rate of Damping of Maximum Values 
Some investigators [2] , [4] as a criter-
ion of reduction of pressure pulsation ta-
ke the rate of damping the maximal values 
Ktm defined as a ratio of maximal absolute 
values of pressure pulsation in pipe-line 
sections preceding and following the dam-
per /Fig. 2/. 
Fig. 2. Sketch illustrating the way of de-
termining the rate of damping of maximum 
values 
• ljil •••••••••• ~ • ~~~ ~~~ ........ /~I 
Such an approach has been dictated by the 
necessity of considering the damper action 
not in an isolated way, but together with 
the adjacent pipe-line system. It is known 
that the maximum absolute value of pressu-
re pulsation occurs just by the compressor 
and beyond the damper this value depeods 
on characteristic of an element placed 
there or more precisely, on its impedance. 
So it is possible to obtain the formula 
for evaluation of the rate of damping_ of 
maximum values in a simple pipe-line sys-
tem, taking into consideration the reflec-
ted waves. 
••••••• /4/ 
where: 1, 11 , 12 - lenghts of sections in 
accordance with Fig. 2, Zf - wave impedan-
ce of a pipe-line, z2 - impedance of a dam-
per, z1 - impedance of load, a - velocity 
of sound , w - circular frequency of pres-
sure changes. It is possible to obtain 
from the general equations /4/ the series 
of formulas for different given pipe-line 
systems. For instance, for a system Which 
consists of pipe-line, vessel having volu-
me V and a second pipe-line closed in an 
acoustic sense, introducing: 
= 00 
we get: 
where ~ is the cross-section of a pipe-
line. The rate of damping of maximum valu-
es Ktm undoubtedly characterises the effe-
ctiveness of a damper, but doesn't allow 
to estimate the suitability of its instal-
lation into the considered pipe-line sys-
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tem. Thus, the evaluation of the effecti-
veness of the damper, expressed by Rtm has 
small usefullness in practical applica-
tions. 
Rate of Introduced Damping 
Because of shortcoming of the above intro-
duced criterions some authors [51 conclude 
that it is much more appriopriate to eva-
luate the effect of reducing of pressure 
pulsation by the rate of introduced dam-
ping Wt• Let the absolute value of pressu-
re pulsation just beyond the compressor be 
~Pa1 and in some another point beyond the 
proposed damper be 6pa2 /Fig. 3a/. After 
introducing damper T /Fig. 3b/ into the 
system, absolute values of pressure pulsa-
tion will be ~p;1 and ~p;2 respectively. 
The rate of introduced damping Wt is defi-
ned by following ratios: 
In the stretch before the damper: 
Llpa1 
wt1 = zP;1 ····ft···················/6/ 
In the stretch beyond the damper: 
~Pa2 
wt2 =---- ........................ /71 
Llp;2 
Fig. 3. Sketches for determining the rate 
of introduced damping 
After introducing the rate defined by equ-
ations /6/ and /7/ it is possible to ass-
ess more precisely the influence of the 
damper on the pulsating stream of gas in 
a given pipe-line system. It can be easily 
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shown, that Ktm and wt2 are related in a 
following way: 
~: = I zc:u . I z•::c •crO&OCI •• D./8/ 
where: zl - load impedance, zc - compre-
ssor impedance /source of pulsation/~ 
Zw - entrance impedance of a system with 
a damping device. Generally,O < Wt21K.cm<ao. 
DillY, when zc---o wt2 = Ktm'which means 
that the rate of introduced damping and 
the rate of damping of maximal values are 
the some when damper is installed close 
to compressor. However, the rate of in-
troduced damping Wt has some substantial 
disadvantages which may lead in some ca-
ses to distortions in evaluating the effe-
ctiveness of damping. It is due mainly to 
the fact, that two arbitrary measure po:in-
ts on the pipe-line don't necessarily des-
cribe precisely pressure pulsation in the 
system as a whole. 
To the general imperfections of all used 
criterions Kt' Ktm and Wt one can add one 
more: it is that none of them can be suc-
cesfully applied for evaluation of effec-
tiveness of dampers in pipe-line systems. 
The Total Rate of Damping of Pressure Pul-
sation 
The most general criterion for evaluation 
of effectiveness of dampers is the total 
rate of damping of pressure pulsation K 
which determines the reduction of the g~­
neral pressure pulsation level along the 
whole lenght of a pipe-equipment. It ta-
kes into consideration the effect of re-
duction of absolute values of pressure 
pulsation before as well as beyond the 
damper. Let in an installation without 
damper the maximum of an absolute value 
of pressure pulsation along the pipe-line 
be ~Pam /Fig. 4a/. After introducing the 
damper let such maximum be .6pamt /Fig. 4b/. 
The total rate of damping of pressure pul-






0. 41 •••••••••• " •• " ... " ••• /9/ 
Fig. 4. Sketches for determining the total 
rate of damping of pressure pulsation 
The ground for evaluation of effectiveness 
of dampers by the total rate of damping ot 
pressure pulsation Kg is the knowledge of 
the change of absolute values of pressure 
pulsation along the pipe-line. First, one 
has to determine this without damper but 
with all elements of technological equip-
ment and fitting. Then similiar evaluatiqn 
has to be performed on the system with a 
build-in proposed damper. Mastering of de-
termining these changes in any installa-
tion as earl;Y as iD the phase of it13 des-
ign makes it possible to select in the mo-
st optimal way pressure dampers for both, 
compression stations and single reciproca-
ting compressors. 
EXAMPLE OF EVALUATION OF EFFECTIVENESS OF 
A DAMPING VESSEL 
Fig. 5 shows diagrams of 6pa = f/1/ obtai-
ned by experimental investigations of in-
fluence of place of installation of a dam-
per on its effectiveness, at 1100 rev/min. 
The experiments were carried out on an e-
lectric model of laboratory installation 
of compressed air, at the end of which was 
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placed a strongly throttling valve /Z1 = ooj. 
The volume of a damping vessel was V = 
0 1 0956 m3. The vessel was placed at follo-
wing distaDces from a compressor: 0,3 , 
1,875 and 5,325 m. Table 1 coDtaiDs the 
total rate of damping of pressure pulsa-
tion Kg' the rate of dampiDg ~· the rate 
of damping of maximal values Ktm and ma-
ximal rates of pressure fluctuatioD in 
a pipe-line beyond the vessel om. 
Table 1 
DistaDce of dam-
5m ping vessel from Kg Kt Ktm compressor /m/ 
0,3 2,90 3,54 5,0 0,027 
1,875 1,5? 0,95 3,52 0,07 
5,325 0,436 0,70 3,02 0,293 
From the curves of ~Pa = f/1/ it can be 
easily seen how important influence on 
the effectiveDess has the place of iDsta-
llation of a damping vessel. Evaluation 
of effectiveDess of a dampiDg vessel u-
sing rate of damping loses its sense iD 
case of the greatest distaDce of a vessel 
from compressor. Absolute values of pres-
sure pulsatioD measured 0,15 m before and 
beyoDd the damping vessel are 0,24 aDd 
0,345 bar respectively. Their absolute 
values don't give the proper idea about 
the level of pressure pulsation iD a pipe-
line consequently, the value of Kt = 0170 
means, that between these two sectioDs an 
amplification almost doubles. It can be 
easily checked that the measurement of 
absolute values of pressure pulsation at 
different distances before and beyond the 
damper gives completely different results. 
The rate of damping of maximum values 
Ktm :: 3,02 means that damping vessel dam-
ps maximal pressure pulsation. But it sa-
ys nothing about their absolute values 
and reasonableness of applying the dam-
ping vessel. On the other hand the total 
rate of dampi.ng of pressure pulsation 
<... 
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Fig. 5. Diagrams of~Pa = f/1/ for different distances of a damping vessel 
from compressor at 1100 rev/miD: 1 - outlet pipe-line without dam-
ping vessel, 2 - damping vessel at 0,3 m, 3 - damping vessel at 
1,875 m, 4- damping vessel at 5,325 m 
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Kg = 0,436 indicates that installing the 
damping vessel at 5,325 m from compressor 
has caused 2,29 fold incre~e of absolute 
values of pressure pulsation'in compari-
son with a pipe-line without the vessel. 
CONCLUSION 
On the ground of above considerations and 
the example it can be stated that the to-
tal rate of damping of pressure pulsation 
K is the nost suitable criterion of eva-g 
luation of effectiveness of dampers. It 
gives the Whole idea of general reduction 
of pressure pulsation in.a system due to 
installation of a damper •. The answer on 
the question whether the damper damps the 
pressure pulsation sufficiebtly we can ge:t 
after veryfying if the maximal pressure 
fluctuation rate in a pipe-line beyond ~ 
damper is smaller than permitted. 
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